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What Makes It a
Geothermal Heat Pump System?

O Extended-Range Water-Source Heat Pump
0 Ground Heat Exchanger

0o Circulation Pump

O Distribution



Presenter
Presentation Notes

The first two components of a geothermal heat pump system listed here are the main differences between GHPs and other more conventional building mechanical systems.  Central plant or other hydroid heating and cooling systems as well as their distribution systems are really no different.



Geothermal Heat Pump Equipment
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Geothermal Heat Pumps:

O Are all-electric

0 Do not require “Geothermal hot water
O Can be an open or closed loop system
O Can be hybridized



Presenter
Presentation Notes
Ground source heat pumps are also known as geothermal heat pumps, ground-coupled heat pumps and are part of the 
‘geoexchange’ technology which coincidentally has been trademarked by “GE0” or the organization previously named the Geothermal Heat Pump Consortium.


How a Heat Pump Works

Heat Rejected

EXPANSION VALVE
REQUIRED FOR EXTENDED

RANGE OPERATION

Work
(Energy)

Heat Absorbed
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Presentation Notes
What is not shown in this simple diagram is the reversing valve. Geothermal heat pumps are reversible and so the ground heat exchanger switches from “condenser” mode in the summer to “evaporator” mode in the winter responding to the demand for heating or cooling in the building.



Basic GHP System

Key: Red indicates warmhot.
Blue indicates coolfcold.

Earth Loop-
Horizontal, Vertical,
Pand (or Wall Water)



Presenter
Presentation Notes
This is an example of a geoexchange system for a single family dwelling.  The three key areas we typically focus on are:  Heat Pump, Circulation Pump and Ground Heat Exchanger.   For this example we are showing a vertical closed-loop heat exchanger.  We use the constant temperature of the earth (or water source) to move heat in the most positive direction based on the needs of the building.  It is summer, we move the heat from the building to the earth.  If it is winter, we take this heat out and put it into the buildings.

It is important to note here that for ground heat exchangers, a balance of between heating and cooling is needed to minimize ground heat exchanger size and cost.  I get a lot of calls from central plant owners who believe the best way to utilize this technology is to remove their cooling towers and put in a heat exchanger.  That is fine, but we must ALSO have a way to use the heat rejected at a later time (stored in the earth for heating in the winter) or more immediately in an energy recovery application

Essentially, this is the how ground source heat pumps works.


How do GHPs differ from
conventional HVAC systems

O Coefficient of Performance (COP)

Q/Wc = the heat delivered (or removed) divided by
the work of the compressor

O Energy Efficiency Rating (EER)

Wc/Q = energy consumption (kW) divided by the heat
removed (tons)
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Presentation Notes
We never talk about SEER with respect to the extended range water-source heat pumps.  

We talk about “tons” of air conditioning or refrigeration in this business.  This is a measurement of 12,000 btu/hr
Btus are British thermal units and it is essentially the about of energy it takes to increase one lab of water from 59.5 deg F to 60.5 deg F (more information than you really wanted, eh?)


GHP System Components

O Extended-Range Water-Source Heat Pump
O Ground Heat Exchanger

0o Circulation Pump

O Distribution
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Presentation Notes

GSHP Systems consist of a ground loop connected to one or more extended range water-source heat pumps instead of chillers, boilers, furnaces, condensers, and hot water heaters



The Loop -
The Renewable Connection

Earth
iIs a Vast
Solar Collector

17% reflected
by clouds.

6% reflected
by surface.

\/

Solar energy maintains a nearly constant temperature
throughout the year just below ground

Diagram courtesy of FHP Bosch




The Earth is a Source of
Heat in Winter...

Outdoor air
design temperature:
-0F

**
**

30F

Geothermal heat pumps transfer underground heat
into buildings to provide heating

Diagram courtesy of FHP Bosch



...and an Efficient Place to Reject
Heat in Summer...

Outdoor air
design temperature:
95F

+
*

A0F

Geothermal heat pumps transfer heat from
buildings into the ground to provide cooling

—
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Diagram courtesy of FHP Bosch




..using Heat Pump Technology

Geothermal heat pumps
circulate water through a sealed
underground piping loop where
it is naturally warmed (or
cooled) by the Earth

ttt

Diagram courtesy of FHP Bosch




Vertical Loop Examples

Avg Depth |

One Pair Two Pair Series/Parallel One Pair
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Presentation Notes
Discuss pipe materials, drilling, grout, etc.
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Fusion-welding pipe In the trench




Trenching
at Alamo
Residence




High-Density Polyethylene Pipe
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Backfilling
the Headers
(Mains)




Marin Community College:
System Flus




How Do We Design “The Loop’

O Thermal Conductivity
0O Deep Earth Temp
O Thermal Diffusivity




Where 1s this information found?

0 Well Logs
O Experience
0 Thermal Conductivity Test




Thermal Conductivity Testing
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Presentation Notes
The recommended testing methods for performing this test is also outlined in Chapter 32 of the 2007 ASHRAE HVAC Applications Handbook.  See “Figure 14 Thermal Properties Test Apparatus” on page 32.12.


Actual Well Log Example

Drillers Log
Topsall 0-3
Brown Sandy Clay 3-27
Gray Sticky Clay with Sand 27-62
Coarse Gray Sand, Gravel, and Cobbles-Water Bearing | 62-89
Gray/Brown Limestone 89-265
Gray Dolomite 265-368
Blue-Gray Dolomite 368-375
Gray/Light Gray Sandstone 375-426
Tan Sandstone 426-500
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Presentation Notes
The drill log indicates that there is unstable material for the first 90 ft of the formation.   Much of this material is water producing and could present problems for the mud rotary drillers.   They would be required to design a drilling fluid program which allowed them to hold back the water at the upper parts of the formation then use a thin mud with a rock cutting bit to complete the drilling.    The sandstone at the bottom of the formation would also produce great quantities of water.    
The drilling options were
	Mud- heavy control at the top of the formation, light fluid at the bottom
	Air – Casing for the first 90 ft and water control from the bottom, there would be a great deal of water liberated from the rock at the bottom of the formation
	Auger in casing at the top, mud or air at the bottom

The drillers decided on the mud rotary drilling method.


What else do we need to know?

0 HDPE Pipe Size

O Grout Properties

O Pipe Spacing

O Pipe Depth

O Inlet design temperatures to the
Extended Range Water Source HPs
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Presentation Notes
Discuss ASHRAE Research Project, “RP-1385 Development of Design Tools for Surface Water Heat Pump Systems “





HDPE Coills or...




B | a Closed- Loop
Plate Heat
Exchanger?
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2 ft (.7 m) 2 ft (.7 m) 2 ft (.7 m)
Two-Pipe Four-Pipe Six-Pipe

Back-Hoe Loops
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Two-Pipe Four-Pipe Extended Slinky
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Presentation Notes
These are trenched loops.


Slinky Loop




Horizontal or Directional Drilling




Horizontal Drilling - continued




Seasonal Energy Usage

e=H\/AC Energy HX Loading

Seasonally Stored
Energy for Cooling

Seasonally Stored
Energy for Heating




Hvbrid GHP Systems
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Presentation Notes
Enables other heating and cooling technologies AND is a natural partner for solar thermal and solar PV installations as is shown in this example of a domestic hot water system served primarily by solar panels and include GHPs as the back-up heat source.
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Presentation Notes
Ground loop designed to cover the heating load and a cooling tower added to address the imbalance with the cooling load.


L!fe Cycle Cost and Equipment
Lifetime

owning and Operating Costs

Table 4 Comparison of Service Life Estimates

- Median Service Median Service Median Service
Life, Years Life, Years Life, Years
Abramson Akalin Abramson Akalin Abramson Akalit
Eq“jmeﬂ[ Item et al. (2005) (1978) Equipment Item et al. (2005) (1978) Equipment Item et al. (2005) (1978
Air Con ditioners Air Terminals Condensers
Window unit N/AF 10 Diffusers, grilles, and registers N/A* 27 Air-cooled N/A 20
Residential single or split package N/A* |5 Induction and fan-coil umits N/A* 20 Evaporative N/A* 20
Cﬂmmarci:al through-the-wall N/A® 15 VAV and double-duct boxes N/AY 20 Imsulation
water-cooled package =24 15  Air washers N/A® 17 Molded N/A* 20
Heat pumps Ductwork M/AT 30 Blanket NIA¥ 24
Residential air-to-air N/A* 15" Dampers N/A* 20 Pumps
commercial air-to-air N/A® 15 Fans N/A* Base-mounted N/A* 20
Commercial wate r-fo-air >24 19  Centrifugal N/A* 25 Pipe-mounted A 10
Roof-top air conditioners Axial NIA* 20 Sump and well N/A® 10
gingle-zone N/A* 15  Propeller N/A® 15 Condensate NIAH 15
Multizonc N/A* 15 Ventilating roof-mounted N/A* 20 Reciprocating engines N/AY 20
Boilers, Hot-Water (Steam) Coils Steam turbines MNIAF 30
steel water-tube =22 24 (30) DX, water, 0r steam N/A* 200  Electric motors NIAF 18
gteel fire-tube 25 (25) Electric I Yag 15 Motor starters NIAF g
Cast iron N/A* 35 (30) Heat Exchangers Electric transformers NIAY 30
Eleetric N/A* 15  Shell-and-tube NiA* 24 Controls
Burners N/A® 21  Reciprocating compressors N/A* 20  Pneumatic M/A* 21
Furnaces Packaged Chillers Electric N/ A |
Gas- or oil-fired N/AF 1 Reciprocating N/A® 20  Electronic NIA® 1
Unit heaters * Centrifugal >25 273 Valve actuators
Gas or eleciric N/A® 1 Absorption NiA* 23 Hydraulic N/A*
Hot-water or stear N/A* 20 Cooling Towers Pneumatic NFA* 2
Radiant heaters Galvanized metal >22 20  Self-contained |
Electric N/A® 10 Wood N/A® 20

Tt atoer B SHEaT N/AF 25 Ceramic NIAF 34
— . rmay be outdated and not statistically relevant. Use these data witk


Presenter
Presentation Notes
This is a copy from the ASHRAE 2011 HVAC Applications Handbook.  Note the median service life for commercial Water-source Heat Pumps (>24 yrs).  Note the median service life for Chillers (>25 years).  And although there is not a line item here for the ground heat exchanger, depending upon the style, the lifetime may be up to 50 years.  So, now let’s look at the date of each column.  Look at all the N/A – this is the challenge we before us within the industry and specific to our technical committee within ASHRAE focused on this technology.  We (really Steve) has been trying for over 10 years to get a research project to obtain funding for this type of data and data relative to installed costs and operating costs which are required to prepare a reasonable Life Cycle Cost Analysis.  So, this challenge now also becomes California’s challenge.  Fortunately, Steve went to TVA, Southern Company and EPRI and they have funded a project which has recently been summarized in a series of articles
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Part 7: Achieving Quality

By Steve Kavanough, Ph.D., Fellow ASHRAE; Lisa Meline, P.E., Member ASHRAE

This is the final installment in o series that summarizes o data col-

lection and analysis project to identify common characteristics of

successful ground source heat pump (GSHP) systems.

The goals of GSHP systems are com-
mon to comentional HVAC systems and
melude the following:

= Low bmldmg enerzyv consumpiion
and costs;

* Installation costs that are economm-
cally viable i relatmely short time pe-
nods;

* Boom conditions that are satisfac-
tory to occupants; and

= Minimal mamtenance requirements
and costs.

Finding good datz for this project was
challenpme because typical measures
of success 1dentified m the list of zoals
were erther not accessible or made un-
available for GSHPs (and traditional
HVAC systems) that did not perform

buildings was able to obfamn actal en-
ergy data for only 121 out of 585 buald-
ingz requested ! The authors posed the
question, “Why i3 it so hard. . .to get this
information for the bumldings bemg pro-
filad?

Every electric uwhlity encountered in
this swrvey had the necessary miorma-
needed to approve access, and in some
cases, the owner chose not to do so. The
information on mstallahon costs was
even more restricted than the utility data.

From the swrvey, it may be smrmmisad
thiat:

* A reason it 15 50 hard to obtain ener-
gv data (and costs) 15 that in some cases
.. the lhaldmgs are using sigmificantly

panmission from ASHRAE. This articls may nol ba copiad nor
ut AEHRAE, visit wwew.nshros.org.

ers, confiactors, and owners are unwill-
mg to share results.

* Designers, contactors, and owners
willing to share energy and costs data
are hkely to have completed successful
(GSHP projects with good energy perfor-
manca (1e, igh ENERGY STAR rat-
mg) and reasonable first costs.

= The average EMERGY STAR rat-
mgs for the GSHP bmldings smveyed
m this study may be higher than the av-
erage of GSHP systems (because of the
first two 1tems).

However, the average could poten-
tially be momch higher if owners {and ar-
chiterts) were zbls to choose enginsers
bazed on guantifiable information
Publication of energy data, installation

About the Authors

Steve Kovomawgh, PhuD. is o professor emeritus
of mochanical enginosring ot the Univarsity of
Alaboma, Tescaleasn, Ao, ored Liso Meline, PE,
s a principal of Melire Enginsoering, Sooomerdo,
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Presentation Notes
This is the first page of the final article which was published last month.  
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